In this paper, it is shown that the cosmological model that was introduced in a sequence of three earlier papers under the title A Dust Universe Solution to the Dark Energy Problem can be used to analyse and solve the Cosmological Coincidence Problem. The generic coincidence problem that appears in the original Einstein universe model is shown to arise from a misunderstanding about the magnitude of dark energy density and the epoch time governing the appearance of the integer relation between dark energy and normal energy density. The solution to the generic case then clearly points to the source of the time coincidence integer problem in the Friedman dust universe model. It is then possible to eliminate this coincidence by removing a degeneracy between different measurement epoch times.
Introduction
The work to be described in this paper is an application of the cosmological model introduced in the papers A Dust Universe Solution to the Dark Energy Problem [23] , Existence of Negative Gravity Material. Identification of Dark Energy [24] and Thermodynamics of a Dust Universe [32] . The conclusions arrived at in those papers was that the dark energy substance is physical material with a positive density, as is usual, but with a negative gravity, -G, characteristic and is twice as abundant as has usually been considered to be the case. References to equations in those papers will be prefaced with the letter A, B and C respectively. The work in A, B and C, and the application here have origins in the studies of Einstein's general relativity in the Friedman equations context to be found in references ( [16] , [22] , [21] , [20] , [19] , [18] , [4] , [23] ) and similarly motivated work in references ( [10] , [9] , [8] , [7] , [5] ) and ( [12] , [13] , [14] , [15] , [7] , [25] , [3] ). Other useful sources of information are ( [17] , [3] , [30] , [27] , [29] , [28] ) with the measurement essentials coming from references ([1], [2] , [11] ). Further references will be mentioned as necessary. The application of the cosmological model introduced in the papers A [23] , B, [24] and C [32] is to the extensively discussed and analysed Cosmological Coincidence Problem. This problem arose from Einstein's time static cosmology model derived from his theory of general relativity. The Einstein first model is easily obtained from the Friedman equations (1.1) and (1.2) with the positively valued Λ > 1 term that he introduced to prevent his theoretical universe from collapsing under the gravitational pull of its material contents,
(1.2) Einstein's preferential universe was of the closed variety which involves the curvature parameter being unity, k = 1 and with a positively valued Λ, we have,
(1.4)
To get a static universe from these equations that holds for some finite time interval we have to impose the non expansion condition, v =ṙ = 0, together with the none acceleration condition a =v =r = 0 and if, additionally, we choose the dust universe condition, P = 0, we get (1.5) and (1.6).
(1.6)
Einstein identified his cosmological constant Λ as arising from a density of dark energy in the vacuum, ρ Λ = Λc 2 /(8πG), so that equations (1.5) and (1.6) could be put into the forms (1.7) and (1.8) with the radius of the Einstein universe given by (1.9),
From (1.7) and (1.8) it follows that 8πGρ = 2c 2 /r 2
E
(1.10)
(1.12) Equation (1.12) is the generic version of the so called cosmological coincidence problem. I think that Einstein would not have recognised the relationship between ρ and ρ Λ at (1.12) as a problem in the early years after discovering it. He probably thought that the 2 factor was interesting and needed explaining but did not see it as a problem. In those early years he was convinced the universe was a time static entity and had no vision of the possibility that the relation might have a different coefficient from the integer 2 which could come about by the now recognised and accepted expansion process. Only after expansion was accepted does the question following arise. If at time now equation (1.12) holds in an expanding universe of decreasing density ρ with time and with ρ Λ an absolute constant, is it not an extraordinary coincidence that at time now the coefficient in (1.12) is exactly the integer 2 ? Clearly the significance of the factor 2 must be seen against the likely possible values of ρ which probably varies from ∞ to 0 with ρ Λ remaining constant over the whole positive life time history of the universe. Einstein's generic cosmological coincidence problem is completely resolved by the cosmological model introduced in references A [23], B, [24] and C [32] as I shall next explain. However, there is one important reservation about this claim that will be discussed in the next section. I call this first cosmological coincidence critical because it involves the integer point value number, 2, which would have zero probability of occurring in any finite time ranged variable quantity. Such coincidences need to be explained in any structure.
The model introduced in those papers reveals the true nature of dark energy material and that is the clue to resolving the generic coincidence problem. One conclusion from those papers was that the dark energy density, contrary to Einstein's identification, should be theoretically and physically measured as ρ † Λ (1.12) rather than as ρ Λ . The second conclusion from those papers was that dark energy has positive mass density but is characterised by carrying a negative gravitational value of the gravitational constant, −|G|. Thus equation (1.12) achieves Einstein's purpose of stopping the gravitation collapse of the universe by choosing conditions such that the positive mass material, ρ + ρ † Λ within the universe is gravitationally neutral Gρ + (−G)ρ † Λ = 0. Thus although that could have happened some time or other it would not necessarily hold for ever as in a constant universe or indeed occur at the time now. In the model I am suggestion which is a flat universe, k = 0, and the actual time when such conditions apply is denoted by t c and can be calculated. At that time v(t c ) = 0 contrary to the what is implied in the Einstein universe where v = 0 given above. The time t c is the important time greatly in the past and recognised recently by astronomers when the acceleration of the universe changes through zero from negative to positive or when dark energy takes over from normal mass energy. The critical coincidence in the generic Einstein universe is completely resolved by the conceptual aspects of the Friedman dust universe that I have been proposing. This reinterpreted old and modified model which is closely related to the Lemaître model has a structure that has identified the cause of the Einstein critical coincidence. The nature of this coincidence can be described as, mistaking the Einstein radius for a possible constant present time radius. This mistake is completely excusable on the grounds that Einstein did not recognise that the universe radius was in truth a variable with time quantity and he was completely unaware that at some time in the past the dark energy density as he defined it was exactly half the normal mass density. The explanation of the root cause of the critical Einstein coincidence can be used to identified the cause of another critical time coincidence between the present time t † and time t c , t † = 2t c , in the Friedman dust universe. This will be explained in the next section.
Coincidence in Friedman Dust Universe
The coincidence in the Friedman dust universe model involves, t † , the time now and t c , the time when the universe changed from deceleration to acceleration.
1)
This equation involves again the exact numerical integer value, 2. This is clearly critical because if two events over time are so related, then there must be some physical explanation because the probability of two such time-point events on any finite time line range is zero. The generic Einstein coincidence was critical in the same sense. This coincidence seems obviously related to the generic Einstein coincidence which suggests it is also totally explainable. The reservation I mentioned earlier is that you might see as ironic that a model with a coincidence can completely solve the coincidence in an earlier model. This can be explained by the fact that theoretical structures involve patterns of abstract symbols as one aspect and numerical constants as another aspect when they are applied to physical situation. The new model is correct in the first aspect but in the second aspect, the numerical values have not all been associated with the measurement time, t † , but rather some with a conceptual time, t 0 , the time that would be associated with the centre of the values given by the astronomical measurements. There is some subtlety in this situation because in this model, it seemed that t † should be equal to t 0 . However this equality created the degeneracy that led to the coincidence. It can all be resolved by using the formula for Hubble's constant, the formula for the radius and the formula for the constrant C,
These expressions involve the single numerical parameter, R Λ . It is necessary to find the correct value for this parameter that is to be associated with these formule. To make this step we need the astronomical measurements of the Ωs. From these equations assumed to hold at a conceptual time, t 0 , when the universe passes through the centre value of the measurement ranges, we get the formulae
(2.12)
Having found R Λ in terms of t 0 this value of Λ can be substituted into the formula for Hubble's constant, (2.2) , to find the value of the time now , t † .
, 
where f (2t c ) gives the deviation of the ratio t † /t 0 from the value unity or removes the degeneracy. Expressed in another way it is the multiplicative function that breaks the coincidence at (2.12) and converts the integer 2 to a much less notable non integral value. However, we can give the formulae (2.17) and (2.18) together an interpretation in terms of the uncertainties of the measurement process. This is achieved by defining the measurement deviation function d meas (t 0 ) as follows,
The function (2.19) is a dimensionless measure of how much the central Ω values from astronomy assumed to have occurred at t 0 differ from the time now measurement from the Hubble variable quantity H(t † ) taken at time now, t † . The function d meas passes through zero when the full degeneracy holds t † = t 0 and it has has a maximum at approximately t 0 = 10 18 s when it assumes the approximate value 0.0365. Thus t † , the time now value can vary from t 0 up to a value of approximately (1/25)t 0 = 2l c /25. Thus the coincidence is decisively removed with t † = t 0 = 2t c .
Conclusions
It has been shown that the generic Einstein coincidence problem can be resolved in terms of a correction in the value of the density he associated with his cosmological constant Λ and a rethink about the significance of the radius of his model. This solution then points clearly to resolution of the coincidence in the recent dust universe model as essentially the same concepts are involved. The conceptual centre Ω value measurements from the astronomers can not necessarily be assumed to occur at exactly the same epoch time t 0 as the measurement of the value of the Hubble constant at epoch time now, t † . The usually assumed degeneracy t 0 = t † can be removed to find the true range of values within which t † has to reside so that the integer 2 aspect of the same degeneracy t † = 2t c sees the 2 replaced with a less mysterious non integer. The time t c is when the expansion acceleration changes from negative to positive.
